Nonbreeding season territoriality is found in many mammal species irrespective of diet, being found in carnivores, granivores, and herbivores. However, we know the hormonal basis for this behavior in virtually none. American martens (Martes americana) show strong intrasexual, year-round territoriality. We collected serum samples from both territorial and transient males and documented size metrics and movement patterns with live-capture and radiotelemetry from September to June in 3 years in Southeast Alaska. Dehydroepiandrosterone (DHEA-a prohormone that can be converted in the brain to active gonadal hormones) levels were high (comparable to humans and rodents showing nonbreeding season spacing behavior) and did not change over the nonbreeding season in territorial males. In contrast, testosterone levels were low in autumn and increased as the summer breeding season approached. Territorial males were larger than transients in some measures and had higher testosterone levels, but similar DHEA and cortisol levels (total and free). DHEA levels declined with age. Our evidence is consistent with the hypothesis that DHEA, not testosterone, is the basis for territoriality outside the breeding season in martens, but collection of serum from females and experimental manipulations are required to provide conclusive evidence.
generally regulated by gonadal hormones related to reproduction (mainly testosterone in males and estradiol and progesterone in females- Bronson and Heideman 1994; Wingfield et al. 2006; Demas et al. 2007; Soma et al. 2015) . In males, the major benefits of testosterone in the breeding season (aggressive and sexual behavior, spermatogenesis, secondary sex characteristics, muscle hypertrophy, and reduced response to pain), come with costs (immunosuppression, increased higher energetic demands- Wingfield et al. 2001; Baum 2002; Hau 2007) . In the nonbreeding season, many of the benefits of testosterone are not needed and all or most of the costs would be present. Thus, the key benefit that is still needed-territorial behavior to secure exclusive defense of space-may be achieved by an alternative hormonal route to avoid incurring the other costs.
The hormonal basis for nonbreeding season aggression and territoriality in free-living wild mammals is virtually unknown (although it has been examined in depth in birds- Soma et al. 2015) . Out of the 28 orders of extant mammals, all the evidence to date comes from one order, Rodentia. It suggests that the hormonal basis for nonbreeding season aggression is independent of gonadal steroids, originating either in the adrenals as prohormones or in the brain as neurosteroids, depending on the species. Though neurosteroidal production in the brain occurs in deermice, mice, and rats (for recent reviews, see Soma et al. 2015; Munley et al. 2018) , we focus on the prohormone dehydroepiandrosterone (DHEA) originating from the adrenals. Two wild rodent species, red squirrels (Tamiasciurus hudsonicus- Boonstra et al. 2008 ) and arctic ground squirrels (Urocitellus parryii- Richter et al. 2017) , have been studied, with the best evidence coming from red squirrels. Here, significant levels of DHEA are present year-round in both sexes, are density-dependent, and increase markedly in response to adrenocorticotropic hormone (ACTH) throughout the year, indicating adrenal origin (Boonstra et al. 2008) . The most complete picture of the control of nonbreeding season aggression comes from detailed laboratory studies on 2 laboratory rodent species, the Syrian hamster (Mesocricetus auratus) and the Siberian hamster (Phodopus sungorus- Soma et al. 2015; Rendon et al. 2017) , with DHEA playing a critical role. However, we do not know how this maps onto their behavior in the wild nor whether they are territorial there. Both the field and laboratory evidence suggest that DHEA is the best candidate underlying nonbreeding season aggression and territoriality.
Dehydroepiandrosterone is a sex steroid precursor produced by the zona reticularis of the adrenal cortex, by the gonads, or by the brain. It does not have an intracellular steroid receptor (Labrie et al. 2005) . In tissues such as the brain that express the appropriate enzymes (Zwain and Yen 1999) , DHEA can be rapidly converted into sex steroids. Thus, the causal pathway from DHEA to spacing behavior is the enzymatic conversion in the brain into active androgens and estrogens (Demas et al. 2011; Soma et al. 2015) .
Our objective was to assess if DHEA also plays a role in nonbreeding season territoriality in a member of the Mustelidae, the largest family (59 species) of the order Carnivora (Wilson and Reeder 2005) . The majority of carnivore species are solitary and this is the case with all but 2 mustelid species (Sandell 1989) . The dominant mating system among the solitary mustelids is either promiscuity or polygyny, with the sexes commonly showing strong intrasexual territoriality (males excluding males while overlapping the territories of several females; the latter also occupy exclusive territories -Powell 1979; Sandell 1989) . Martens (Martes spp.) employ this spacing behavior, showing high site fidelity and low variation in territory size over time, as long as the prey density remains stable (O 'Doherty et al. 1997; Phillips et al. 1998; Fryxell et al. 1999; Zalewski and Jedrezjewski 2006; Zalewski 2012) . Since these territories are maintained yearround, the question is then: what maintains the spacing behavior to sustain these territories, since the breeding season is short (early to mid-summer) and the nonbreeding season long?
To understand hormonal correlates of territoriality by nonbreeding male American martens (Martes americana), we examined plasma DHEA and testosterone levels of territorial males throughout the nonbreeding season (autumn, winter, spring) and compared these levels to those from a small sample of transient males that did not have a territory. We predicted that territorial males would have high DHEA levels and low testosterone levels throughout the autumn and winter nonbreeding season. We predicted that nonterritorial transient males would have low levels of both hormones. We also assessed how DHEA and testosterone change relative to the changes in condition, age, and stress hormone profiles with livetrapping to monitor demography and radiotelemetry to assess space use (Flynn and Schumacher 2009 ).
Materials and Methods
Study species.-Critical to understanding the seasonal patterns of production of DHEA, testosterone, and cortisol and their underlying cause is placing this knowledge within the context of the life history of American martens. Martens are generalist predators feeding on a large variety of prey such as the common forest small mammals, birds, invertebrates, fish, carrion, and vegetable matter (Thompson and Colgan 1987; Martin 1994 ). This medium-sized (500-1,700 g) mustelid exhibits year-round territoriality (Buskirk and Ruggiero 1994; Powell 1994; Ben-David et al. 1997) . Females mate from late June to mid-August. However, because of delayed implantation, pregnancy (lasting 27 days) does not begin until late winter, with parturition occurring in March and April. Weaning occurs about 42 days later (Mead 1994) and young emerge from the den at about 50 days of age. Young stay with their mother until late summer, but disperse in the fall (Francis and Stephenson 1972) . The behavior and physiology of males are linked to those of the females. Males weigh up to 65% more and defend home ranges 2-3 times larger than females (~8.1 km 2 - Clark et al. 1987; Buskirk and Ruggiero 1994; Powell 1994) . In addition, the size of their home range may vary as a function of population density, body size, habitat quality, geographic region, and prey abundance (for reviews, see Clark et al. 1987; Buskirk and Ruggiero 1994; Powell 1994; Fryxell et al. 1999; Flynn and Schumacher 2009) .
American martens exhibit the common mustelid spacing behavior based on intrasexual territoriality, where dominant individuals defend territories against members of the same sex, but tolerate members of the other sex (Buskirk and Ruggiero 1994) . Residents spend the majority of their time within their own territories, whereas transients spend much of their time within interstitial spaces between the territories of other martens. Resident males maintain home ranges that overlap with ≥ 1 female (Balharry 1993; Katnik et al. 1994) . Since males defend larger home ranges than those of females, they are the space-limited sex under conditions of equal tertiary sex ratio, i.e., there are fewer territorial adult males than there are adult females in the population (Buskirk and Ruggiero 1994) . This organization implies intense male-male competition for both territories and females, where dominant residents defend individual territories against subordinate transients. The transient 828 JOURNAL OF MAMMALOGY males are generally in poorer condition and usually younger or older than their resident conspecifics (Buskirk and Ruggiero 1994; Powell 1994 The study area was located near Salt Lake Bay (84 km 2 ), bounded by Port Frederick to the north, Tenakee Inlet to the south, the Portage (a narrow strip of land between the large water bodies) on the west, and the Game Creek and Indian River drainages on the east and north. Part of this area (~10%) had been logged by clear-cutting from 1984 to 1988, and the remainder of the area was classified as productive, old-growth forest (~60%), scrub forest (~20%), and other nonforest (~10%; based on USDA Forest Service timber-type classifications- Caouette et al. 2000) . Since clear-cut logging in Southeast Alaska removes all of the overstory vegetation, and the forest canopy usually does not regenerate for about 35 years after cutting (Alaback 1982) , the clear-cut stands during our study had no forest overstory.
Capture and radiotelemetry protocol.-Nonbreeding territory size of a subset of resident males was estimated using radiotelemetry. American martens mate from late June to early August, with most matings occurring in July (Markley and Bassett 1942) . Hence, nonbreeding season territoriality of the live-captured males repeatedly was assessed, from mid-September to mid-June. For 6-day trapping intervals, 50 Tomahawk live traps (models 203 and 205; Tomahawk Live Trap Co., Tomahawk, Wisconsin) were placed at the permanent trap sites located systematically along 25 km of a logging road dissecting the study area. Trap sites were usually about 500 m apart. This insured that several traps were in each male home range. The actual number of traps per home range area ranged from 2 to 20. To avoid immediate recapture of the same animal, traps were closed for 24 h after each capture. Thus, the number of trap-nights was not the same for each capture session. In addition, to maintain a pool of radiocollared individuals, martens were trapped on the study area year-round.
Each trap was baited with strawberry jam, sardines, or with venison scraps and a commercial lure (marten lure; S. Hawbaker and Sons, Fort Loudon, Pennsylvania), covered with a piece of plastic tarp, and then placed under a log or the base of a tree. At capture, the male was immobilized with an injection of ketamine hydrochloride (15 mg/kg body mass; Aveco, Fort Dodge, Iowa) and xylazine hydrochloride (2 mg/ kg body mass; The Butler Company, Columbus, Ohio), marked with an ear tag (size 1, style 1005; National Band and Tag Co., Newport, Kentucky) or a passive integrated transponder (PIT) tag (Biosonics, Seattle, Washington), weighed (g) using Pesola spring scales and measured (total and body). A vestigial first premolar was extracted from all newly captured martens for age determination using counts of cementum annuli (Poole et al. 1994; Matson's Laboratory, Milltown, Montana) . Most new captures were fitted with 49-g radiocollars (MOD-080, expected life 18 months; Telonics, Mesa, Arizona) and these were replaced as needed. A blood sample of 3 ml was drawn from the jugular vein, stored in a glass or plastic nonheparinized vial, and kept in a cooler until return to the camp. Upon recovery from sedation, the males were released at their sites of capture. Blood was allowed to clot and was centrifuged for 5 min within 2 h after collection with a manual centrifuge. Serum was pipetted into separate vials, stored in a nonfrost free freezer at −20°C, shipped to the University of Toronto, and then stored at −80°C until analysis. All capture and handling procedures were approved by the State of Alaska Fish and Game and were consistent with the animal care guidelines of the American Society of Mammalogists (Sikes et al. 2016) .
Radiocollared males were located from a small aircraft (Mech 1974; Kenward 1987 ) during daylight hours every 2 weeks throughout the year. The location of each marten was plotted on high-resolution, orthophoto maps (scale 1:31.680) while the aircraft circled above the location. Error was determined by retrieving dead individuals and was estimated at 50 ± 110 m. Aerial locations were plotted on digital versions of the orthophoto maps using geographic information system (GIS) on a personal computer to determine x, y coordinates. Annual home ranges of resident martens were estimated from the radiotelemetry locations using the computer program HOME RANGE (Ackerman et al. 1990 ). Locations were tested for independence (Swihart and Slade 1985) , and outliers were examined (Samuel et al. 1985) . Locations were not significantly autocorrelated (P > 0.05) and therefore no locations were excluded. 95% minimum convex polygons (MCP) were used to describe home range area for each marten (Ackerman et al. 1990 ). This method excludes irregular excursions from the delineation of the home range area. Males that moved over an area > 2 home ranges within any season sampled, and covered areas that were occupied by resident martens, were considered transients.
Measurement of DHEA.-Dehydroepiandrosterone was measured in duplicate using a double antibody radioimmunoassay (DSL-8900; Diagnostic Systems Laboratories, Webster, Texas). The DHEA assay was modified to increase sensitivity (Granger et al. 1999; Newman et al. 2008) . Briefly, supplied DHEA standards were diluted 10× in phosphate-buffered saline with gelatin (PBSG), the primary antibody was diluted 4× in PBSG, and the tracer was diluted 4× in PBSG. Each sample (5 μl) was extracted with redistilled dichloromethane. Extracts were dried under nitrogen and reconstituted in assay buffer. Samples were incubated with the primary antibody for 30 min at 37°C. [
125 I]-DHEA was then added to samples, followed by an incubation for 180 min at 37°C. The secondary antibodyprecipitating reagent mixture was then added. After 20-min incubation at room temperature, the samples were centrifuged at 3,000 rpm for 20 min. Samples were decanted, and the pellets were counted for 2 min on a gamma counter.
The DHEA antibody has a low cross-reactivity with DHEAsulfate (DHEA-S; 0.02%), cortisol (< 0.001%), 16β-OH DHEA (0.041%), androstenedione (0.46%), T (0.028%), and 17β-estradiol (< 0. 004%-Chin et al. 2008) . Every assay included water blanks, standards, and quality controls. When multiple samples for the same animal were run (e.g., 4 sequential blood samples in response to the ACTH challenge), all samples were run within an assay to reduce interassay variation. The average recovery of the 100 pg quality control was 83.9 ± 0.013% (n = 18 runs, range 77-96%). The final concentration for each sample was adjusted for the within-assay recovery. The lowest point on the standard curve was 2 pg/tube. The intraassay coefficients of variation were 4% and the interassay variation was 13.2% for the 25 pg quality control and 6.8% for the 100 pg quality control.
Measurement of testosterone.-Testosterone levels (ng/ml) was measured by radioimmunoassay with antibody T43/11 (Croze and Etches 1980) . This antibody has low cross-reactivity to corticosterone (< 0.9%), progesterone (< 0.4%), estradiol (< 0.8%), and DHEA (< 0.8%- Boonstra et al. 2008 ), but higher cross-reactivity to androstenedione (15.7%), and dihydrotestosterone (DHT; 62%). Cross-reactivities to 11 other androgen variants were between 0.7% and 9.0%. As DHT is primarily synthesized in androgen target tissues (Auchus 2004) and androstenedione is a prohormone and precursor to testosterone in peripheral tissues (Simpson and Waterman 1989) , we refer to the serum androgen as testosterone.
The protocol for this radioimmunoassay was based on that of Abraham et al. (1971) with diethyl ether extraction (twice) of duplicate serum samples (see Boonstra et al. 2001a Boonstra et al. , 2001b for details). Prior to extraction, each sample (25 μl) was treated with 20 μl NH 4 OH to saponify triglycerides. Two quality control samples (a low and a high concentration of testosterone) were run in duplicate with each assay. Blank values of solvents were also run with each assay and did not differ significantly from zero. The assay had a mean recovery of [1,2,6,7- 3 H] testosterone added to plasma of 96.5 ± 0.7% (range 92-102%), with a detection limit of 10 pg/25 μl. The intraassay coefficient of variation was 5%. The interassay coefficient of variation for the low quality control was 7.1% and for the high quality control 6.2%. The intra-and interassay coefficients of variation were 5% and 5.5%, respectively.
Measurement of cortisol.-Three key blood components related to the biological impact of cortisol on the body were measured: the total amount of cortisol, how much of this was tightly bound to the key plasma carrier protein-corticosteroidbinding globulin (CBG), and how much was free and able to pass into cells. Only the free cortisol is biologically active in most mammals (Breuner et al. 2013) . First, the total cortisol level was measured in each serum sample using a commercial cortisol kit (Diasorin GammaCoat Cortisol Kit, Stillwater, Minnesota). The intra-and interassay coefficients of variation were 3.3% and 4.1%, respectively. The assay sensitivity was 2 ng/ml. The cortisol antibody cross-reacts with 11-deoxycortisol (7%), 17-hydroxyprogesterone (1%), and other steroids at < 1%. Second, CBG levels (as the maximum corticosteroid binding capacity-MCBC) in each sample were measured (for details see methods in Boonstra et al. 2001b) . To each serum sample [1,2,6,7-3H] cortisol (Amersham) and cold cortisol to known specific activity 5-to 20-fold in excess of the expected capacity was added. The contribution of total cortisol already measured in the sample was allowed for. The MCBC fraction in a 10 µl sample of serum, diluted in 0.5 ml phosphate buffer, was measured by liquid scintillation after separation from the free-and albumin-bound fractions with dextran-coated charcoal. The high-affinity CBG-bound cortisol was then calculated knowing the specific activity and the radioactivity in the bound fraction. Third, the free cortisol fraction was calculated, by first knowing how strongly cortisol is bound to CBG-the equilibrium dissociation constant (using the methods in Delehanty et al. 2015) . A marten serum pool (obtained from 12 of the samples used) was used and a K d of 9.6 nM at 37°C calculated (Supplementary Data SD1). Finally, this constant was used in the formula of Barsano and Baumann (1989) to combine the total cortisol and MCBC level to calculate the free cortisol level in each sample.
Statistical analysis.-All analyses were performed using the SAS System (V 9.2, 2002-2008 ; SAS Institute, Cary, North Carolina). The variables that did not show normal distribution were normalized using log or Box-Cox transformation (as recommended by Sokal and Rohlf 2012) . A t-test was used to assess the effect of "Territorial status" (resident, transient) of the male on all continuous variables. Home range was available only for the resident males (mean ± SE). Seasonal changes in DHEA and testosterone were assessed with 1-way analyses of variance (ANOVAs).
To assess the factors that could influence (i) DHEA and (ii) testosterone, a general linear mixed model (GLMM) using PROC MIXED with restricted maximum likelihood estimation was used. The following fixed effects were tested for: territorial status (i, ii); season and Spring [21 March-21 June]: i, ii); age (i, ii); body mass (i, ii); body length (i, ii); body condition index (i, ii); skull length (i, ii); zygomatic arch width (i, ii); neck circumference (i, ii); chest circumference (i, ii); tail length (i, ii); total cortisol (i, ii); MCBC (i, ii); free cortisol (i, ii); DHEA (ii); and testosterone (i). To account for the individual variation among the animals and the repeated measures, all fixed effects were tested with the random effect "Animal identity" within the class variable "Year" in the REPEATED statement.
A full model was initially assessed and then sequentially dropped the nonsignificant effects following the "Fit Statistics" table providing AIC, AICc, and BIC information criteria, all in "smaller-is-better" form (as recommended by Littell et al. 2006) . All interaction terms were tested but were not reported unless significant. The differences in the measurements within the class variables were tested by a t-test and indicated by their means with standard errors (± SE). All cited P-values were 2-tailed, with a significance level (α) set at 0.05.
results
Territoriality and phenotypic profiles.-We summarize the hormonal profiles of 33 territorial resident and 7 transient males over the entire study (Table 1 ). The DHEA levels of martens were high, with that in residents ranging from 1.186 to 20.533 ng/ml and that in transients from 1.868 to 5.426 ng/ ml. Though levels in residents were > 40% higher than levels in transients, the wide variation in their DHEA levels and the small sample size in transients resulted in no statistical difference between them. Residents had testosterone levels 18 times those of transients. However, there was no difference between them in the levels of total cortisol, free cortisol, or MCBC (Table 1) nor was there any correlation between DHEA levels and total (r 2 = 0.03) or free cortisol (R 2 = 0.07) levels. Resident males had about 3 times as much MCBC as total cortisol, with the result that only about < 2% of the cortisol was free; in transients, the values were ~2 times and < 2%, respectively.
Residents were 1.21 years older and had 5.5% greater zygomatic arch width and 5.4% greater neck circumference than transients (Table 1) . There was no difference between them in other phenotypic traits (body mass, body length, and body condition index; Table 1 ). The maximum distance moved by residents was less than half that moved by transients. Residents had an average home range size of 6.06 ± 1.07 km 2 (n = 12). Factors affecting DHEA and testosterone levels.-Territorial status of males affected the variation in DHEA levels (F 1,33.9 = 5.84, P = 0.021), but not the mean in DHEA levels (t 31.4 = 0.00, P = 0.99). Nevertheless, males did differ in the relationship between their DHEA levels and their age (GLMM: F 2,33.8 = 3.75, P = 0.034; Fig. 1 ). In territorial males, DHEA levels declined as they aged (GLMM: t 33.8 = 2.44, P = 0.02), whereas in transient males, it did not (t 33.5 = −1.25, P = 0.22).
We assessed how levels of DHEA and testosterone changed only in territorial males over the nonbreeding season (we had too few samples or not enough serum for both measures in transients) by dividing the data into 4 biologically relevant periods (autumn: September to 20 December; winter: 21 December to 20 March; early spring: 21 March to 30 April; late spring: 1 May to 20 June). In autumn and winter there is no reproductive activity in either sex, in early spring females are giving birth, and in late spring males are preparing for the summer breeding season (testes growth, spermatogenesis). Average levels of DHEA were high (> 4.4 ng/ml) and did not change from autumn to late spring (1-way ANOVA: F 3,29 = 0.13, P = 0.94; Fig. 2 ). In contrast, average levels of testosterone were much lower (0.49-2.3 ng/ml) and changed markedly, being very low in autumn and progressively increasing, so that by early and late spring they were 3.8-4.7 times higher. Biologically, we think this is meaningful, but the low sample size in each period (5-10) and high variation among males, particularly in winter and early spring, resulted in no statistical difference (F 3,26 = 1.56, P = 0.22).
In the GLMM overall analysis, territorial males averaged higher testosterone levels than transient males (F 1,26.2 = 5.58, P = 0.026). In addition, independent of the residency status, testosterone levels changed with season, being higher during spring than during autumn and winter (F 1,29 = 16.22, P < 0.001). In both territorial and transient males, higher DHEA levels were associated with higher testosterone levels (F 1,30.6 = 19.24, P < 0.001; Fig. 3 ).
discussion
During the nonbreeding season, male American martens had levels of DHEA that permit us to reach 5 conclusions. First, Fig. 3 ). These were markedly higher than those found in laboratory rats (0.22 ng/ml) and guinea pigs (0.17 ng/ml) but similar to those found in humans (2.4 ng/ml; see Bélanger et al. 1989 for the latter 3 values) and in red squirrels (mean levels of 1.78 and 1.53 ng/ml in males and females, respectivelyBoonstra et al. 2008). Second, contrary to our prediction, territorial and transient males did not differ in their DHEA levels (Table 1) . Thus, if DHEA underpins spacing behavior in the nonbreeding season, it operates in the same way whether or not they have a territory. Third, DHEA levels declined with age in territorial males (Fig. 1) and hence, as in humans (Labrie et al. 2005) , aging attenuates the productive capacity of the source (most likely the zona reticularis of the adrenal cortex). Fourth, average DHEA levels in territorial males remained high and unchanging throughout the nonbreeding season, whereas testosterone levels were low at the start of the nonbreeding season (autumn) and increased as the breeding season approached, coinciding with reproduction in females (parturition in early spring and impending breeding in summer) (Fig. 2) . This is consistent with the hypothesis that DHEA, not testosterone, provides the hormonal basis for the territorial behavior during the nonbreeding season, whereas testosterone has different roles. We think this trend is biologically, though not statistically (because of low sample size in each period and high variance in winter and early spring), meaningful. Fifth, DHEA was positively related to testosterone levels in males (Fig. 3) . A key caveat is the impact of our trapping and handling protocol on marten hormone levels. For DHEA, levels were likely higher than true baseline levels. Though DHEA can be produced in the gonads and the brain, the most likely source in martens, as in other species with high plasma DHEA levels, is the zona reticularis of the adrenal cortex. In species where this area is significantly enlarged, it is the primary source of adrenal androgens such as DHEA and androstenedione, and when the animal is stressed by either handling protocols or by a hormonal manipulation (via ACTH), a major increase in adrenal androgen release occurs (e.g., Odell and Parker 1984; Conley et al. 2004; Boonstra et al. 2008 Boonstra et al. , 2011 . For testosterone, levels were likely affected by the trapping and handling protocol but the direction of change may be affected by whether they were in breeding condition or not and by the role of testosterone (i.e., Fig. 3.- The relationship between the changes in testosterone levels relative to the changes in dehydroepiandrosterone (DHEA) levels in male American martens (Martes americana). The data for the resident (n = 32) and transient (n = 7) males were combined. Each data point is one individual. Since the relationship between the levels of DHEA and testosterone did not differ between the resident and transient males, the regression line was based on the combination of both groups (P < 0.001; Testosterone = −0.02 + 0.28 * DHEA, R 2 = 0.26).
Fig. 2.-Seasonal changes in average (±SE) dehydroepiandrosterone
(DHEA) and testosterone levels of territorial male American martens (Martes americana) during the nonbreeding season. Sample sizes in autumn, winter, early spring (late March-April), and late spring (May-June) were 8, 5, 10, and 9 for DHEA and 6, 5, 10, and 9 for testosterone, respectively. There were no differences among the 4 periods for DHEA (P = 0.94). Although testosterone levels were low in autumn and increased toward late spring, high variance among males resulted in no significant differences among periods (P = 0.22). Fig. 1.- The relationship between the changes in dehydroepiandrosterone (DHEA) levels relative to the changes in age of the resident (n = 32) and transient (n = 7) male American martens (Martes americana). Each data point is one individual. Relationship for the resident males was significant (P < 0.02; DHEA = 7.72 − 1.34 * Age, R 2 = 0.14); that for transients was not (P = 0.22).
possibly for territorial defense in late spring or for searching). In breeding male red squirrels, an ACTH challenge resulted in a decline in testosterone levels (Boonstra et al. 2017) , whereas in arctic ground squirrels (Boonstra et al. 2001b ) and snowshoe hares (Lepus americanus) in good condition (Boonstra et al. 1998) , ACTH resulted in a temporary increase. For cortisol (total and free), our trapping protocol likely increased levels above baseline values and may have caused levels in territorial and transient males to converge (Table 1) . However, there are 2 arguments that lead us to believe our findings are meaningful. First, the procedures were standardized and that there are no systematic biases across the study. Hence, any difference observed (in testosterone, but not DHEA) was likely real. Second, we are interested in the relative degree of change over time and this we documented. Hormonal control of territoriality by nonbreeding males.-Our evidence is consistent with the hypothesis that DHEA, not testosterone, is the prohormone underlying territoriality in martens during the nonbreeding season. DHEA levels were high in autumn and testosterone levels low, yet males were strongly territorial (Fig. 2) . Females also show intrasexual territoriality in the nonbreeding season (Buskirk and Ruggiero 1994) and it is unlikely its basis is testosterone. Thus, masculinization of the male brain during development as the basis for territoriality during the nonbreeding season cannot account for territoriality by females at that time. Even though DHEA levels were similar in territorial and transient males, the broad positive relationship between testosterone and DHEA levels (Fig. 3) indicates a correlation of androgen profiles in males. The cause of this may be that circulating DHEA is metabolized into other plasma androgens, particularly in early and late spring as the breeding season approaches, including androstenediol, androstenedione, testosterone, and DHT (Longcope 1995 (Longcope , 1996 . Alternatively, the high DHEA maintains defense of space, whereas testosterone (when present) is only associated with breeding. The pattern we see in martens is very similar to that seen in red squirrels (Boonstra et al. 2008 (Boonstra et al. , 2017 , but here both sexes are territorial year-round against all conspecifics irrespective of sex. In red squirrels, DHEA is very high in both sexes but varies with seasonal and population density. We have argued that the function of testosterone in breeding red squirrel males is possibly linked to searching behavior for females and not to male-male aggression (Boonstra et al. 2017) . However, in martens, we were not able to address the question of what testosterone actually does.
We found that younger residents had higher DHEA levels than older ones (Fig. 1) . DHEA levels were at a maximum at the second year of the male's life, and then progressively declined with increasing age. The high DHEA levels when males are young may facilitate aggression to acquire territories. Similar age-dependent declines in either DHEA or in DHEA-S have been found in humans (Labrie et al. 2005 ) and nonhuman primates (Sapolsky et al. 1993; Lane et al. 1997; Dharia and Parker 2004) , but only the study by Sapolsky et al. was done in the wild. Their function in nonhuman primates is largely unknown and in humans, higher DHEA or DHEA-S is associated with higher rates of aggression in children and adolescents and with antisocial and behavior disorders in adults (Demas et al. 2011; Soma et al. 2015) .
In transient martens, all individuals but one were 2 years old or less (Fig. 1 ) and all had much lower DHEA levels than similarly aged territory holders. We cannot say whether this is the cause or the consequence of holding a territory (i.e., do intrinsically low levels of DHEA fate a male to a transient life style or do DHEA levels increase automatically when a territory is secured). Monitoring their behavior and their hormone levels over time would help to distinguish between the 2 alternatives.
Seasonal variation in testosterone, with higher levels during pre-breeding (spring) than post-breeding (autumn) seasons (Fig. 2) , presumably is a reflection of testes growth immediately before the breeding season (Markley and Bassett 1942) . Similar increases in testosterone have been found prior to the breeding season have been seen in other species (e.g., Japanese marten, M. melampus melampus- Kawauchi et al. 2003 ; black bears, Ursus americanus, and polar bears, U. maritimus- Palmer et al. 1988; red squirrels-Boonstra et al. 2008; common degus, Octodon degus-Soto-Gamboa et al. 2005) . Testosterone can enhance male reproductive success by promoting spermatogenesis, expression of secondary sexual traits, sexual behavior, and aggressive behavior (Baum 2002; Remage-Healey and Bass 2006) . It appears unnecessary as territories are maintained over much of the nonbreeding season with little of it. Phillips et al. (1998) found no evidence male or female martens changed their home range sizes as they moved from the breeding to the nonbreeding season. Thus, it remains to be determined if testosterone plays any role in breeding season territoriality.
Given that home range size of American martens varies depending on the study area (range 0.8-27 km 2 - Buskirk and Ruggiero 1994; Powell 1994 ) and the method used for its estimation (Clark et al. 1987) , our average size of 6.06 ± 1.07 km 2 represents a medium-sized home range for a male. Since residents accounted for 82% of the total male population captured, it is likely that these medium-sized home ranges reflect moderate levels of prey abundance (Thompson and Colgan 1987) and slightly more productive habitats than in the other studies (Soutiere 1979) .
Phenotypic profiles of territorial and transient males.-We found that the maximum distance travelled was over twice as far by transient as by resident males and that they were about one-half as old (Table 1) . Both indicate that transients are at a competitive disadvantage relative to the dominant, territorial males and suggest that they are making the best of a bad situation, continually having to avoid interactions with the territory holders (Buskirk and Ruggiero 1994; Powell 1994) . Nevertheless, their average DHEA levels are roughly similar to those of territorial males (Table 1; Fig. 1 ), suggesting that DHEA plays the same role in underpinning spacing behavior as in the territory holders.
However, territorial and transient males did not differ in their condition (as indicated by similar body condition index, body mass, and body length), nor in their stress hormone profiles (as indicated by similar levels of total cortisol, MCBC, and free cortisol). These results showed that: 1) condition and stress responsiveness of males played no role in territory acquisition, 2) territorial status did not improve condition of males, and 3) stress responsiveness of males was independent of territorial status. All these findings are consistent with our other results supporting the concept of age-dependent territoriality (Buskirk and Ruggiero 1994; Calsbeek and Sinervo 2002) . Similarity in the stress responsiveness of resident and transient males, moreover, suggests that members of both these groups had similar ability to cope with various social and environmental stressors (sensu Koolhaas et al. 1999) , including intermale aggression.
We found that resident males were more masculinized than transient males, as indicated by their greater zygomatic arch width and neck circumference. A greater masculinization of resident males reflects their higher testosterone levels (Table 1) , and indicates both organizational and activational effects of testosterone on male phenotype (Arnold and Breedlove 1985; Moore et al. 1998 ). The masculine phenotype may favor resident males both in intrasexual competition and sexual selection (Clutton-Brock 2007; McPherson and Chenoweth 2012) .
Unresolved questions for future research.-Our research raises 5 key issues that need to be resolved to understand the role of DHEA and testosterone in nonbreeding territoriality in martens. First, sample sizes for males throughout the nonbreeding season should be increased to clearly elucidate the pattern of change in testosterone relative to DHEA and strengthen our findings. Second, to assess levels in nonstressed animals, noninvasive fecal metabolite measures should be obtained yearround and correlated to plasma levels (see Sheriff et al. 2011 ). This would elucidate the baseline levels of cortisol, but not of androgens (e.g., DHEA versus testosterone or androstenedione) as the antibodies cannot distinguish among their metabolites presently (R. Palme, University of Veterinary Medicine, Vienna, pers. comm.). Third, if males are using DHEA as the prohormone that ultimately causes territorial behavior, females are predicted to do the same, since they also show intrasexual territoriality. Thus, plasma samples also should be collected from females throughout the year, but especially during autumn to spring period. Fourth, determine if the adrenals or other tissues are the source of the DHEA. Finally, to determine if DHEA is indeed the basis of marten territoriality in both males and females in the nonbreeding season and perhaps the breeding season, experimentally manipulate hormone levels. This could involve gonadectomies and an aromatase inhibitor such as letrozole (to prevent the conversion in the brain of DHEA to estradiol).
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